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INTRODUCTION 
The family of Calcium-binding proteins is drawing 
increasing attention in several disciplines of classical 
and applied biology. One of them is parvalbumin which 
has shown a molecular weight range of 8-15 kD (Gosselin-
Rey, 1974; Closset, 197 6; Heizmann, 1984 and Rodnick, 
and Sldell, 1995). Parvalbumin shows high affinity for 
calcium binding 2 calcium ions/mole (Rodnick and Sidell, 
1995) . It is typically found in a high concentration in 
the white skeletal muscle of cold-blooded vertebrates, 
more distinctly the fishes. 
This acidic protein from lower vertebrates, which 
is soluble in low-ionic strength buffers along with 
other sacroplasmic proteins, was initially called 
'albumin' (Deutieke, 1934) . Later on, due to its 
existence in multiple forms, small size and high water-
solubility it was renamed parvalbumin. More recently, 
after the use of nomenclature of isoformes or isotypes 
becoming more generalized for the proteins which exist 
in multiple or tissue specific forms, the same is being 
applied to parvalbumins also. 
The first demonstration of the parvalbumins was 
made in carp white muscle by Heunoir (1955) . He 
characterized it as a protein of high anodic 
electrophoretic mobility at neutral pH and a low 
sedimentation coefficient. However, cyclostomes which 
are most primitive among Pisces are devoid of these 
proteins (Gosselin Rey, 1974) . Starch gel 
electrophoresis and spectrophotometric analysis of the 
low molecular weight protein fraction isolated from 
Lampetra fluviatilis and Petromyzon marinus, which have 
red type of muscle consist largely of myoglobin and an 
unidentified protein. 
Since then the existence of these proteins has 
been invariably demonstrated in white muscle of 
virtually all the fishes examined so far including 
certain well known species and groups such as Tilapia 
macrochir, T. guineensis and in some other species of 
this genus as well as Oreochromia niloticua, Sarotberodon 
galilaeuB and Sarotberodon melanotberodon (Piront et 
al., 1968; Oberst et al., 1992-1993 (1994); Gadua 
callariaa (Bhushana Rao et al., 1969; Bhushana Rao, 
1970), Gadua merlangua (Closset and Gerday, 1971, 1973); 
salmon and trout (Rehebein and Lessen, 1989) ; several 
species of genus Barbua (Huriaux et al., 1992, 1993) and 
striped bass (Morone aaxatilia) (Rodnick and Sidell, 
1995) . 
In very low amounts these proteins have also been 
found in other tissues such as stomach, intestine, 
liver, kidney, gills, eggs and serum (Gosselin Rey, 
1974). Comparative study of Hamoir and associates have 
shown that parvalbumins contribute to a significant 
fraction of the muscle proteins, amounting to 8-12 mg/g 
of muscle. This has been calculated to be a fraction of 
25% of the total low ionic strength soluble proteins of 
muscle of fishes (6osselin-rey, 1974). The concentration 
of parvalbumins obviously differs from species to 
species (Huriaiuc et al., 1992). The highest amount of 
45% has been reported in Lafcimeria cbalwnnae (Hamoir et 
al., 1973). The concentration of individual isotype" is 
s\ibject to variables such as physiological condition, 
age and sex of the fish. In striped bass a range of 5.2 
to 12.3 mg/g has been reported (Rodnick and Sidell, 
1995) . 
In mammals the neuronal parvalbumin has been 
isolated from rat brain (Berchtold et al., 1982) 
and purified to homogeneity by high performance liquid 
chromatography (HPLC) on reverse-phase supports. The 
concentration of parvalbumins was found to be 
approximately 10 mg/kg wet weight in brain tissue which 
was about 100 times lower than that in muscle. Minute 
amounts of these proteins have been found in rabbit 
(Hamoir, 1974), chicken and human muscle (Lehky et al., 
1974) as well as in the testis of rats (Kagi et al., 
1987). 
Bhushana Rao and Gerday, 1973 have shown that the 
number of parvalbumin isotypes is species-specific and 
varies from one species to another. To facilitate 
comparative studies, Roman numericals (I, II, III, IV) 
have been assigned to parvalbumin bands in the 
decreasing order of relative electrophoretic mobilities 
(Bhusluma Rao et al., 1969). In a few fish species a 
band of rather slow and another of still slower mobility 
(V and VI) have also been described (Piront and Gerday, 
1973; Dubois and Gerday, 1990) . The components I - VI 
are present in variable amounts in white muscle from 
different species of striped bass (Rodnick and Sidell, 
1995). Six parvalbumin isotypes have been reported in 
Gadus (Closset, 1976) , two in cod and pike (Bhushana 
Rao et al., 1969; Gosselin-Rey, 1974) and three in 
Barbus and several other teleosts (Scapolo et al., 1988; 
Martinez et al., 1991; Huriaiuc et al., 1992 and Foceuit 
et al., 1992). Four major parvalbumin isotypes (II, III, 
IV and V) and a minor one (I) exist in variable amounts 
in certain species of family cyprinidae (Gosselin-rey, 
1974) . As far as electrophoretic comigration is 
concerned some of the isotypes are altogether absent in 
one or the other species whereas certain others may be 
shared in general. (Bhushana Rao and Gerday, 1973; 
6osselin-Rey et al., 1978; Bobak and Slechta, 1988). 
Number of parvalbumin isotypes are, thus species-
specific and apparently indepedant of the physiological 
state, sex, age and environmental conditions. Several 
workers have taken the advantage of numerical species-
specific constancy of parvalbumin isotypes in 
discriminating closely related fish species from each 
other (Tsuyuki et al; 1965; Uthe et al; 1966; Bhushana 
Rao and Gerday, 1973; Bobak euid Slechta, 1988; Huriaux 
et al; 1992; Oberst et al; 1992-1993 (1994). Therefore, 
the significance of using these proteins for 
discriminating fish species belonging to even a limited 
taxonomic group such as a particular genera or a family 
can not be underestimated. 
Taking number and electrophoretic comigration of 
parvalbumin isotypes into account two types of 
polymorphism has been reported so far : i) ontogenetic 
and ii) phenetic. Changes of first kind have been 
reported during differentiation in pike (Gosselin-rey 
1974) . A temporal expression of different isotypes has 
also been recorded in case of Barbus (Focant et al; 
19 92) . The phenetic polymorphism among parvalbumin 
isotypes has been described by several workers. In pike 
it has been shown that two parvalbumin phenotypes are 
electrophoretically detectible (Holmquist, 1972; 
Bhushana Rao and Gerday, 1973). Polymorphism indicative 
of subpopulations has been detected in black seabream 
(Taniguchi et al; 1982) and Tinea tinea (Boback and 
Slechta, 1987) also. The later authors reported phenetic 
polymorphism in several species of cyprinidae (Bobak and 
Slechta* 1988) . Other examples include several marine 
species (Huriaux et al; 1992) and four species of 
rilapia (Oberst et al; 1992-1993 (1994) . 
The comparative biochemical studies on 
parvalbumins from different fish species not only 
disclose phenetic but phylogenetic interrelationships 
also. In addition to electrophoretic comigration, 
several other biochemical techniques and immunological 
cross-reactivity have been employed to trace the 
phylogenetic interrelationships. 
Though a comparision of the primary structure of 
proteins offers unquestionable approach of establishing 
clear phylogenetic interrelationships, due to obvious 
limitations it has so far been attempted only in a few 
cases (Pechere et al; 1971; Gerday and Teuwis, 1972; 
Coffe and Bradshaw, 1973) . The data points to a 
phylogenetic relationship with troponin A and in 
addition to certain common regions between fishes such 
as parvalbumins from hake and pike (Kretsinger et al; 
1971 and Pechere et al; 1971) a unique arginine residue 
was discovered which has been preserved during evolution 
and may have common structural implications (Gesselin-
Rey et al; 1973) . The same trend has been observed for 
inner hydrophobic core of several parvalbumins. 
Much of the evidence on phylogenetic 
interrelationships among various parvalbumin isotypes of 
fish species has been derived from immuno cross-
reactivity, though the level of reactivity appears to be 
restricted (Piront and Gosselin Rey, 1974) , which 
apparently reflects the broad diversity of the amino 
acid compositions in the outer shell of various 
parvalbumin molecules. Different isotypes from seven 
species of cyprinidae were discriminated by four 
antisera only. Interestingly, some of the parvaibumins 
showing the similar cross-reactivity did not share the 
electrophoretic mobilities. Another significant finding 
has been the presence of at least one compor.enc of 
cyprinidae and a catfish that cross-reacted, wirh carp 
II and chub II antisera. Thus in comparison v:ith 
isotypes III and IV, isotype II appears to have more 
recent divergence. Similar investigations on Gadidae 
have indicated that the results obtained by 
electrophoresis and immunological cross-reactivity may 
lead to diverse views on phylogenetic 
interrelationships. A broad homology exhibited by 
certain regions of parvaibumins from different sources 
favours the evolution from a smaller ancestral precursor 
by gene duplication (Kretsinger 1980, and Siegel et al, 
1980) . 
As already stated these proteins bind calcium ions 
which are involved in many biological functions and in 
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most types of cellular motilities. Among the best-
investigated ones is the calcium-dependant process of 
excitation-contraction coupling in muscle (Lai et al., 
1988). There are suggestions that parvalbumin 
isotypes play a significant role as a relaxing factor in 
fast-twitch muscle fibers (Gerday and Gillis, 1976) . 
Actual functional significance of these proteins, 
however, remains unsettled. Their temporal expression 
during differentiation (Gosselin-Rey, 1974; Focant et 
al; 1992) a-nd distribution in non-contractile tissue 
suggests that they may be required for some other 
functions such as calcium transport or as an 
intracellular calcium buffer system (Wasserman and 
Fuller, 1982) . 
The present investigations were aimed at 
determining the number polymorphs (if any) and 
phylogenetic interrelationships of parvalbumin isotypes 
from four species of genus Channa using the relative 
electrophoretic mobilities as the criteria. Since 
evolutionary trends in case of parvalbumin is not fully 
1 1 
understood, i t was concieved t h a t an e v o l u t i o n a r i l y 
d i s t i n c t group such as channids may p r o v i d e some 
i n t e r e s t i n g i n s i g h t in to the a f o r e s a i d t r e n d . 
Except iona l t h e r m o s t a b i l i t y of parva lbumins has been 
selected as a convinient procedure of iden t i fy ing these 
p r o t e i n s out of the l a rge r e p e r t o r y of muscle 
sarcoplasmic p r o t e i n s . 
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MATERIALS AMD METHODS 
Col lection Q£ Fish frffn*"* ffff : 
In the local fish market, Chaana punctatua, C. 
atriatus and C. marulius are brought alive from various 
localities within Aligarh district (U.P.). Samples of 
each of them except C.gachxia were procured from this 
source. C.gachua has no distribution in Aligarh and they 
had to be brought from another locality (Hasanpur, 
District Moradabad) and transported alive to the 
laboratory. 
Extraction of Sarcoplasmic Proteins (Myooens) 
Fishes were lightly anesthesized using MS 222 
(Tricaine Methane Sulphonate, Sandoz, Japan) and a chunk 
of dorsal muscle just behind the head weighing 5-20 gm, 
depending on size of the fish was removed. It was 
homogenized at 30,000 rpm with the help of high speed 
homogenizer (Biospec, USA. Model 985-370) in 4 volumes 
(wt./vol) of ice cold 50 mM Tris-HCl buffer (pH 7.5) . 
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Extraction buffer : 
Tris base 50 mM 
HCl was added to adjust pH to 7.5 
Preparation of Clear Myoaen «i»«»pi«»« : 
The homogenates obtained as above were centrifuged 
at 10,000 rpm and 4°C for 15 minutes and the pellets were 
discarded. Clear supernatants were subjected to 
electrophoresis or heat denaturation, preferably while 
fresh. Storage, whenever necessory was made in a deep 
freezer maintained at -10°C. All the samples were 
utilized within a duration of 15 days of storage. 
Heat non^hniration : 
Serial heat denaturation of myogen extracts was 
carried out in a water bath maintained at 70°C. Alequots 
were shifted to crushed ice following the incubation at 
5,10,15 and 20 minutes. Precipitated material was 
removed by centrifugation at 10,000 rpm and 4°C for 15 
minutes and clear supernatants were saved for 
electrophoresis. 
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Purification of p«i-v*it;>^ iiiiin isotypes: 
To purify each isotype from corresponding species 
of Channa , gel thickness was increased to 3 mm and 
broader slots were made to accomodate larger amount of 
sample. At the end of electrophoresis, a small vertical 
slice from individual lane was cut off, stained quickly 
with Coomassie Brilliant Blue R-250 and the areas of 
unstained gel corresponding to parvalbumin bands were 
cut out and homogenized in 5 volume of 50 mM Tris-HCl 
buffer of pH 7.5. The homogenate was centrifuged at 
15000 rpm and 4°C for 20 minutes in eppendorf tubes with 
a sintered glass filter (Microspin Ion Exchange columns, 
Pharmacia Biotech, USA). The filtrate was concentrated 
by fractionation with acetone and precipitated 55-80% 
fraction was dissolved in the same buffer and checked by 
routine electrophoretic procedure as well as in gels 
containing SDS. 
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Electrophoresis: 
Vertical polyacryamide gel electrophoresis was 
performed in the discontinuous buffer systems of Laexnmli 
(1970) and Bobak and Slechta (1988). Following stock 
solutions were made prior to casting the gels. 
(i) System of Laemmli : 
(a) 30% afTYiam-iHo + 0.8% bisacrv^ ™^^ <^^ «»• 
Acrylamide 30.0 g | made up to 
I 100 ml with 
Bisacrylamide 0.8 g | distilled water 
(b) Lower Tris x 4 : (pH 8.8) 
Tris base 1.5 M 
HCl 1.5 M 
(c) Upper Tris x 4 : (pH 6.8) 
Tris base 0.5 M 
HCl 0.5 M 
(d) Tris-glycine reservoir buffer : (pH 8.3) 
Tris base 25 mM 
Glycine 250 mM 
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(e) ,q*iiipi» buffer : 
Glycerol 10% 
2-merceptoethanol (or water) 5% 
Upper Tris 0.0625 M 
(f) ™^"f«"-i'im persulfate solution : 
Ammonium persulfate 10%. 
Running gels of 7.5, 8.75 and 10% and stacking gels of 
3% strength were made according to the protocol of 
Laemmli (1970). 
(ii) System of Bobak and Slechta : 
(a) Separating gel buffer : (pH 9.0) 
Tris base 0.1865 M 
Citric acid 0.0238 M 
(b) Stacking gel buffer : (pH 9.0) 
Tris base 0.0933 M 
Citric acid 0.0119 M 
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(c) Electrode buffer : (pH 8.3) 
Tris base 0.0661 M 
Boric acid 0.0324 M 
Running gels of 7.5, 8.75 and 10% strength were 
made according to standard protocol (Laemmli, 1970). In 
this case stacking gel (3%) was made in Tris-citrate 
(0.0933 M Tris, 0.0119 M Citric acid) of pH 9.0. 
(iii) Alternate buffer systeat : 
As an alternate approach, irunning and gel casting 
buffer of Laemmli (1970) and Bobak and Slechta (1988) 
were switched over with each other. 
SDS-polyacrylamide gel electrophoresis : 
It was performed essentially as described by 
Laemmli (1970) and outlined above, except that all the 
buffers contained 0.4% SDS in final concentrations. The 
concentration of acryLi^^fe'^/^fegs^gels was 10%. 
UP' J J S ASo6 
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Determination of Molecular Weight : 
Molecular weight of pure parvalbumin isotypes was 
calculated using chicken actomyosin as the marker. 
Relative mobilities were calulated from the standard 
formula of Weber et al. (1972). 
distance migrated by protein 
Relative mobility = X 
distance migrated by tracking dye 
length of the gel before staining 
length of the gel after staining 
The following polypeptides of chicken actomyosin, 
were used to draw the standard semilogarithmic graph. 
Polypeptide Molecular weight 
Heavy chain 200 kD 
Actin 42 kD 
Troponin 35 kD 
Tropomyosin 34 kD 
Light chain 1 2 7 kD 
Troponin - I 24 kD 
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Light chain 2 19 kD 
Troponin - C 18 kD 
Electrophoretic rung : 
The electrophoretic runs were made in gels of 10 X 
15 X 1 mm till the tracking dye (bromophenol blue, 
0.1%) moved 1 cm short of the anodic end. 
Staining : 
The following stains were employed. 
(i) Routinely Coomassie Brilliant Blue R-250 of the 
concentration mentioned below was used to stain the gels 
Methanol 450 ml 
Acetic acid 90 ml 
Coommassie Brilliant 2.5 g 
Blue R - 250 
made up to 
1000 ml with 
distilled water 
Destaining was performed in 7% acetic acid, 
(ii) Silver staining : 
Silver staining of the gels was made by the method 
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of Oakley, et al (1980). The following solutions were 
used. 
(i) Fixative 1 : 50 % methanol with 7.5% acetic acid, 
(ii) Fixative 2: 5% methanol with 7.5% acetic acid, 
(iii) Fixative 3: 10% glutaraldehyde 
(iv) Developer : 0.05% citric acid. 
For each ml of 0.05% citric acid 5 ul of a 37% 
formaldehyde solution was added. 
(v) Stain : 
0.09 M NaOH 53 ml 
NH4OH (Concentrated) 3.5 ml 
AgN03 solution (20g/100ml H2O) 8 ml 
(Final vol. was made up to 250 ml with distilled water). 
It was made just before use. 
The gel was incubated for 20 minutes in 4 00 ml of 
each fixative serially and it was rinsed in large 
volumes of distilled water (this step is very 
important). Staining was continued for 20 minutes and as 
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soon as there were signs of browning, it was subjected 
to the next treatment, that is, washing in distilled 
water for 5 minutes. Gel was developed till the bands of 
desired intensity appeared. Finally, it was washed in 
large volumes of distilled water. 
Destaining : 
Solutions for destaining : 
(A) NaCl 11.1 g (made upto 300 ml 
CuSO^ 11.1 g with distilled water) 
Ammonia solution (25%) was added until the 
precipitate clears to give a clear deep blue colour. 
(B) 44 g of sodium thiosulfate pentahydrate was 
dissolved in 85 ml of distilled water and made up 
to 100 ml. 
(C) Kodak hypo clearing agent, 20 g in 800 ml of 
distilled water. 
Solutions A and B (3:1) were mixed and diluted 
with an equal volume of distilled water. Gel was 
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incubated in 100 ml / gel of this solution until the 
background cleared. Distilled water was used to rinse 
the gel inrmediately and incubation in solution C was 
carried on for 30 minutes followed by washing with large 
volumes of distilled water. 
Photography : 
Fresh samples used to study morphological features 
of all four channids were photographed on Kodak-Gold 
coloured print film. Electrophoretic patterns of gels 
were documented on 125 ASA black and white films after 
placing them on a transilluminator. 
Calculations of the Simple Matching Coefficient of 
Similarity (Sm). 
To determining the phylogentic interrelationships 
within the four species of genus Channa simple matching 
coefficients of similarity were calculated using the 
following formula. 
number of bands of common mobility 
Sm = 
maximum number of bands in an individual 
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RESULTS 
Four species of genus Channa, namely C.gachua, 
C. marulius, C.punctatus and C.atriatus commonly known 
as sneakheads or "murrels" have been investigated. 
Morphologically, they have an elongated and 
subcylindrical body (Fig.1-2) . The heads of all of them 
are depressed with plate like scales on the dorsum; eyes 
are laterally placed and dorsal fin is single and 
spineless. Colour may vary acording to the habitat, but 
usually it is blackish dark dorsally which gradually 
gets fainter beneath. Dorsal, caudal and anal fins are 
slate coloured with orange margins. Pectoral fins also 
posses an orange margin but at the base a deep blue 
colour is most common. Size is the most common variable 
in addition to some differences in colour pattern below 
lateral line (e.g. in C.pxmctatua and C. striatus) or 
distinct blotches (as in C.marulius) . Young C.xnrulius 
also possesses a rouond dark spot at the base of caudal 
fin. 
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To a sce r t a in ideal condit ions to e lec t rophoress 
channid myogens in general and parvalbumin isotypes in 
p a r t i c u l a r , po lyarcylamide g e l s w i th d i f f e r e n t 
concentrat ions and two di f ferent d iscont inuous buffer 
systems were employed. 
The e f f e c t of varying t h e c o n c e n t r a t i o n of 
polyacrylamide (7.5 ~ 10%) on r e so lu t ions of myogen from 
C.punctatus i s t yp i ca l l y demonstrated in Fig. 3a-c. The 
concentrat ion within t h i s range does not s i gn i f i c an t l y 
improve the r e so lu t ions , as both in 8.75 and 10%, t o t a l 
number of v i s i b l e bands remains t e n . Parvalbumins 
( fas tes t moving bands) resolved c lose ly as th ick and 
s l i g h t l y diffused bands. As far as these p ro te ins are 
concerned buffer system of Bobak and Slechta (1988) does 
reveal some in t e r spec ie s differences in t h e i r r e l a t i v e 
e l e c t r o p h o r e t i c m o b i l i t i e s ( i n d i c a t e d by a r r o w s ) . In 
g e n e r a l , no improvement could be n o t i c e d in the 
reso lu t ion of other p ro te ins . Using Tr i s -g lyc ine as the 
running buffer on gels cast in T r i s - c i t r a t e lead to 
fur ther dec l ine in the qual i ty of r e s o l u t i o n s (Fig.5a-
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c). So far as exclusive resolution of parvalbumins is 
concerned, gels cast in lower Tris (o.o375 M) of Laemmli 
(1970) and run in Tris-borate (0.0661 M Tris, 0.0324 M 
boric acid) of Bobak and Slechta (1988) gave the best 
resolutions (Fig 6a-c) . An increase in acrylamide 
concentration from 7.5-10% systematically not only 
improved the resolutions of parvalbumin isotypes but of 
other protein components as well. It was, therefore, 
chosen as the ideal system to carry on the present 
investigations. 
Typical electropherograms of myogens from C.gachua 
in the selected system in 10% polyacrylamide gels are 
shown in Pig. 7a. A total number of nine bands stain 
with Coomassie Brilliant Blue (CBB) . Out of them, two 
bands designated I and II have been identified as 
parvalbumins on the basis of thermostability (Fig. 7b) ,-
isoform II being in the highest concentration. 
Assignment of the numerical is based on the relative 
mobilities of the entire set of isotypes within the 
genus Chajuia (Fig. 12b) . No polymorphism among 
parvalbumin isotypes could be detected in a total number 
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of 60 specimens of C.gachua, C. marulias and 
C.striatus examined by this procedure. 
Under identical conditions, sarcoplasmic extract 
of C. marullus resolves into atleast ten bands which 
take CBB stain (Fig. 8a) . Certain intraspecies 
variations in minor bands other than the parvalbumins 
are also apparent. However, no polymorphism among 
parvalbumins has been detected. Thermostability data 
(Fig. 8b) reveals the existence of three protein bands, 
which have been marked parvalbumin isotypes I, II and 
III, and which do not show any remarkable change in 
their relative intensities upon heat denaturation. 
However, in addition to parvalbumins a number of new 
bands unrepresented in Fig. 8a, occur prominantly in 
Fig. 8b. They have been regarded as the aritifacts of 
heat treatment, presumably soluble aggregates of some 
other proteins of muscle myogen. 
Out of all the four species C. punctatus was 
unique in showing polymorphism in parvalbumins (Pig. 9a 
and b) . The most common phenotype consisted of three 
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isotypes, whereas one sample in the whole lot had 
isotypes I and III only. The absence of isotype II was 
varified by heat denaturation data as well as in gels 
run entirely in the system of Bobak and Slechta (1988) 
(Fig. 4b). 
On the basis of persistance both in untreated and 
heat denatured alequots, electrophoretic comigration 
three parvalbumin isotypes could be counted in case of 
C.striatua (Fig. 10 a and b. Fig. 11a and b). 
SDS-polyacrylamide gel electrophoresis revealed 
that the bands identified as parvalbumin isotypes by 
routine electrophoresis and thermostability are 
homogenous, as they resolve in a single band of fastest 
relative mobility in the system employed here (Fig 14a 
and b) . Similar results were obtained for all the four 
species. Molecular weight estimation (Fig. 15) confirms 
all of them to be a polypeptide of 11 kD, a value of 
parvalbumin range. 
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The findings have been summed up diagramatically 
in Fig. 13, which demonstrates the number, variant and 
relative mobility of individual parvalbumin isotype in 
each of the four channids. 
(1) Photographs of C. g-achu^  (a) and C. marulius 
(b) showing some of the morphological 
features. 
Fig. 1 
Fig. (2) Photographs of C. punctatus (a) and C. 
stria tus (b) showing some of the 
morphological features. 
Fig. 2 
Fig.(3 a-c) Polyacrylamide gel electrophoresis 
(PAGE) patterns of white muscle myogen 
from Channa punctatus showing the extent 
of resolution in the system of Laemmli 
(1970). 
Separating gel buffer was 0.0375 M Tris-
HCl and electrode buffer 25 tnM Tris, 250 
mM Glycine. 
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Fig. 3 
Fig. (4 a-c) PAGE patterns of white muscle myogen 
from C. punctatus showing the extent of 
resolution in the system of Bobak and 
Slechta (1988). 
Separating gel buffer was 0.1865 M Tris-
0.0238 M Citric acid, stacking gel 
buffer 0.0933 M Tris-0.0119 M Citric 
acid and electrode buffer 0.0661 M Tris-
0.0324 M Rorir ariH 
Fig. 4 
Fig. (5 a-c) PAGE patterns of white muscle myogen 
from C. punctatus showing the extent of 
resolution in 10% gels by switching over 
the running buffer of Bobak and Slechta 
(1988) with that of Laemmli (1970) . 
Separating and stacking gel buffers were 
the same as described under Fig.4, 
whereas electrode buffer was 25 m M 
Tris, 250 m M Glycine. 
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Fig. 5 
Fig. (6 a-c) PAGE patterns of white muscle myogen 
from C. punctatus showing the resolutions 
when gels were made according to Laemmli 
(1970) (Separating gel buffer was 0.0375 M 
Tris-HCl, stacking gel buffer 0.0125 M Tris-
HCl) and run in the buffer of Bobak and 
Slechta (1988) (electrode buffer 0.0661 M 
Tris, 0.0324 M Boric acid). Respective 
concentration of acrylamide were 7.5% in a, 
8.75% in b and 10% in c. 
I t 
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Fig. 6 
Fig. (7) Typical PAGE patterns of white muscle myogen 
(a) and corresponding parvalbumins (b) from 
10 individuals of C. gachua. 
The system employed in Fig. 6 with 10% 
polyacrylamide gels giving optimal 
resolutions was chosen in this case. 
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Fig. (8) Typical PAGE patterns showing resolution 
of white muscle myogen from 10 
individuals of C. marulius (a) and 
corresponding parvalbumin isotypes (b) . 
Other details the same as in Fig. 6. 
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Fig. (9) Typical PAGE patterns showing resolution 
of white muscle myogen from 10 
individuals of C. punctatus (a) and 
their corresponding parvalbumin isotypes 
(b) under conditions identical to Fig. 
8. 
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Fig. (10) Typical PAGE patterns showing resolution 
of white muscle myogen from 10 
individuals of C. striatus (a) and their 
corresponding parvalbumin isotypes (b) 
under conditions identical to Fig, 8. 
10 
Fig. 10 
Pig. (11) Typical PAGE patterns of white muscle 
myogen of all four species of genus 
Channa in 10% gel under conditions 
identical to Fig. 6 to demonstrate 
extent of comigration. Corresponding 
parvalbumin isotypes have been shown in 
(b) . 
Lanes are : C. gachua, 1-2; C. marulius, 
3-4; C. punctatus, 5-6 and C. striatus, 
7-8. 
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Fig (13) Schematic diagram of parva lbumin 
i s o t y p e s from four s p e c i e s of genus 
Channa a f t e r de le t ing the a r t i f a c t s and 
presuming only those bands as i so types 
which c o n s i s t a n t l y appeared both in 
u n t r e a t e d and heat dena tu red whi te 
muscle e x t r a c t s . 
Lanes 1-4 represent parvalbumin i so types 
of C. gachua, C. marulius, C. punctatus 
and C. striatus, r e spec t ive ly . 
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Fig. (15) Semilogrithmic graph drawn following the 
data in Fig. 14 showing the 
core la t ionship between log Molecular 
weight and r e l a t i v e e l ec t ropho re t i c 
mobi l i t i e s of var ious pavalbumin 
isotypes and the polypeptides present in 
chicken actomyosin. 
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DISCUSSION 
As the results presented here demonstrate 
polyacrylamide gel electrophoresis which in mini system 
of 3-4 hrs. and by choosing proper running and stacking 
buffers require shorter running duration visible 
improvement in the resolutions can be obtained. 
Even after the improvement described under 
Results, polyacrylamide gel electropherogram from four 
species of genus Cbanna revealed the existance of a 
limited number of bands which take Coomassie Brilliant 
Blue (CBB) stain. Some different buffer systems and or 
the concentration of the acrylamide is varied. The 
maximum number of bands are revealed under optimal 
conditions, e.g if a 10% gel made in lower Tris buffer 
of Laenmli (1970) is run in Tris-borate buffer of Bobak 
and Slechta (1988). Under these conditions, nine, ten, 
ten and thirteen bands take CBB stain in case of 
C. gachua, C. punatatua and C. atriatus, respectively 
Thus, it is evident that inspite of the presence of a 
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large number of enzymes and protein in muscle myogens of 
channids, quite a few are in sufficient quantity to take 
up the above mentioned protein stains. As expected, some 
improvement was noticed if silver staining which is a 
highly sensitive technique of developing bands protein 
(Oakley, 1980) is employed. In fact, a comparison of Fig 
12a and b with 13 a and b reveals that an improvement in 
the number as well as the intensity of bands is possible 
by adopting silver staining procedure. It is also 
evident that to avoid the masking of the adjacent minor 
bands the protein should not the loaded in an amount 
compatible with that of CBB. 
In either case, the patterns appear to be 
independent of the individual variations. The same is 
true for parvalbumin isotypes which in the present case 
have been identified by their thermostability and 
comigration or differences in the relative 
electrophoretic mobilities (Fig. 7b, 8b, 9b, 10b, lib, 
and 12b) . As shown therein white skeletal muscle of C. 
gachua consists of two parvalbumin isotypes whereas 
three each have been detected in C.mairulius, C.punctatus 
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and C. fltrlafcus. In the later species a variant has also 
been detected which lack parvalbumin isotype II (Fig.13 
a and b) , whereas isotype III is absent in all the 
specimen of C.gachua. The above observations on channid 
myogens are in agreement with those reported previously 
for other fish species, sp far as the species 
specificity of the muscle myogen electropherograms 
(Tsuyxiki efc al., 1965; Uthe et al., 1966 and focant et 
al., 1992), numerical specificity of parvalbumin 
isotypes (Hamoir, 1974 and Huriaux and Vandewalle, 
1991a) and their polymorphism (Bhushana Rao and Gerday, 
1973; bobak and slechta, 1988 and Huriaux et al., 1992) 
are concerned. 
Some bands which are inexistant in the whole 
muscle extracts may make their appearance in heat 
treated samples (fig. 12a and b) . They have been 
considered non-parvalbumin proteins and artifacts of 
heat denaturation , because they do not exist in the 
untreated whole extracts. On the contrary, parvalbumins 
exist both in the whole muscle extract (myogens) as well 
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as in heat treated samples. There is no visible change 
in their intensities before and after the heat 
treatment. Non parvalbumin bands may represent soluble 
aggregates of the slow moving proteins or enzymes of 
myogen which under normal conditions resolve in between 
the slot and the slowest migrating parvalbumin isotypes. 
To further varify the nature of the band designated as 
parvalbumins, individual bands (isotypes) were cutout 
from the gels, protein was extracted (details under 
Materials and Methods) and subjected to SDS-
polyacrylamide gel electrophoresis. As shown typically 
in Fig. 14a and b, all the bands (parvalbumin isotypes 
I, II and III) stack as a single band that has been 
calculated to have mass of aJDOut 11 kD, which is one of 
the values reported for this protein (Gosselin-Rey, 
1974; Closset, 1976; Heiznmn, 1984; Rodnick and Sidell 
1995) . No additional bands, indicative of any 
contaminating polypeptide could be visualized even after 
silver staining. Because of the limited number of 
samples examined and the fact that the polymorphism was 
detected in only one species of Channa (C. punctatus), 
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it was not possible to construct a dendogram using 
complex calculations. The method of Fitch and Margoliash 
(19 67) was considered most appropriate, since the 
phylogenetic tree constructed by using this method 
incorporates a branching system where length of the 
branch is indicative of relative distance of divergence 
between various species. The tree given below 
demonstrates the phylogenetic interrelationships of the 
parvalbumins from four species of genus Channa. 
Ancestral Gene 
J 
(I) Gene Duplication 
C. punctatua C. striatus C. marullus C.gachua 
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It has been postulated that multiplicity in 
parvalbumin arose as a result of the duplication of a 
single ancestral gene (Ohno et al., 1968 and Klose et 
al., 1969). 
Since two parvalbumin isotypes (I and II) were 
invariably detected in C.gachua. Therefore, isotype I 
may be the direct descendant of the ancestral gene, 
whereas isotypes II and III arose as a result of the 
duplication of this locus. Further studies would be 
required to clarify whether the isotype II or III were 
the result of the very first duplication. 
The phylogenetic tree of channid parvalbumins as 
constructed here is in agreement with the 
interrelationship outlined on the basis of morphometric 
data (Chandy, 1955), which postulates that C. gachua was 
the most generalized from whereas C.marulius and 
C.striatua are more closely related among rest of the 
three species. 
Since parvalbumins exist in non muscle tissue as 
well, the isotypes existing in other tissues also need 
to be identified. 
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SUMMARY 
Muscle myogens from four species of genus Channa 
namely C. gachua, C. maruliua, C. punctatus and C. 
stria tus have been analyzed by polyacryl amide gel 
electrophoresis (PAGE) . The main objective of the work 
was to determine the number and relative mobilities of 
parvalbumin isotypes so that their interspecies 
relationship can be estimated using the formulae 
generally applied to trace the phylogenetic 
interrelationships. In electropherograms, parvalbumins 
are known to migrate as the fast bands with a typical 
appearance of rather broad bands. One of the criterion 
of their identification is exceptional thermostability 
which leaves them in a soluble condition even upon 
heating myogen extracts upto 70°C. 
Different buffer systems and polyacrylamide 
concentrations were employed to ascertain optimal 
condition for resolving parvalbumins in polyacrylamide 
gels. The best resolutions were obtained in 10% gel cast 
in Tris-HCl (0.0375 M) and run in Tris-borate [0.0661 M 
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Tris, 0.0324 M boric acid). Under these conditions 
parvalbumin isotypes I and II were detected in C. gachua 
and three each (I, II and III) in C. marulius, C. 
punctatus and C. striatus. Interspecific differences in 
relative electrophoretic mobilities of isotype II of C. 
gachua and C. punctatua with the remaining two species 
did exist. The samples of the latter species showed the 
existence of a variant where isotype II was absent. In 
addition to parvalbumin certain bands (artifacts) 
appeared in electropherograms of heat denatured 
samples, but they could well be discriminated from 
parvalbumins because of their absence in untreated 
muscle myogens. On the contrary, parvalbumin isotypes 
did not show any change in corresponding relative 
intensities before and after heat denaturation. 
Parvalbumin nature of each band in all four species 
identified as isotypes was also varified by determining 
their molecular weight by SDS-PAGE, which showed all the 
isotypes to be a single polypeptide of about 11 kD. 
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Using the formula of Pitch and Margoliash to 
calculate phylogenetic interrelationships from 
electrophoretic data, C. gachua appears to be the 
oldest form in the heirarchy of evolution of parvalbumin 
isotypes in channids. Apparently, duplication of the 
ancestral gene lead to lineages producing multiple forms 
of the pairvalbumins (isotypes) . It would then imply 
that C. marulius, C. striatus and C. punctatus belong to 
the groups which diverged later than C. gachua. The view 
is in general accordance with the classical scheme of 
evolution of channids. 
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